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DIVERSITY RECEIVER AND DIVERSITY RECEIVING METHOD 

FIELD OF THE INVENTION 
The present invention relates to a diversity receiver 
having a plurality of demodulation paths, and to its 
receiving method. 

BACKGROUND ART 

The diversity receivers found in the prior art first 
compare estimated received power values of the carrier waves 
of the received signals on each of two demodulation paths at 
each point in time, and select and output the received 
signal with the larger estimated value; this is generally 
known as selection diversity (also referred to below as the 
selection system or selective diversity) . That is, of the 
two received signals at each point in time, they selectively 
output the received signal with the better reception 
conditions, and do not use the received signal with the 
inferior reception conditions. At each point in time, 
accordingly, they cannot obtain better receiving performance 
than the individual received power obtained from one of the 
received signals in the two demodulation paths . 

To improve the receiving performance further, combining 
the two received signals has been contemplated. 

A type of diversity receiver is known that employs a 
maximal ratio combining diversity system by providing 
circuitry that calculates a ratio of power levels (estimated 
power values) of a pair of received signals on a pair of 
demodulation paths (or demodulated signals obtained by 
demodulating the received signals) , generates weighting 
coefficients according to the calculated power ratio, and 
multiplies the received signals by the weighting 
coefficients to create a weighted combination. 

It is known, as shown in "Improvement of terrestrial 
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digital TV broadcasting performance by diversity receiving" 
by Takashi Seki, et al . , Technology Report from Image 
Information Media Academy, May 25, 2001, Vol. 25, No. 34, pp. 
1 to 6, ROFT2001-54 (May, 2001), that a maximal ratio 
combining diversity receiver can not only mitigate multipath 
distortion, as do diversity receivers using the selection 
diversity system, but also improve transmission 
characteristics with respect to thermal noise , and can 
further improve the instantaneous carrier-to-noise ratio 

(also referred to simply as the CNR below) . 

Equal gain combining diversity receivers are another 
example of a diversity system in which a pair of received 
signals on a pair of demodulation paths are combined to 
improve receiving performance. Equal gain combining 
diversity always combines a pair of received signals with 
equal gain, so that regardless of the power levels 

(estimated power values) of the received signals on the pair 
of demodulation paths, the average value of the received 
signals on the demodulation paths is always output as the 
combined signal. It is known that equal gain combining 
diversity produces a larger diversity effect than selection 
diversity and a smaller diversity effect than maximal ratio 
combining diversity. By contrast, when the difference 
between the received signals on the pair of demodulation 
paths (or the demodulated signals obtained by demodulation 
of the received signals) or between the CNRs of the received 
signals increases, the receiving performance of equal gain 
combining diversity may fall below that of selection 
diversity. 

Among conventional diversity receivers, selection 
diversity receivers, for example, can operate with small 
circuitry because they simply use one of the received 
signals on the pair of demodulation paths, but there has 
been a problem in that it is difficult to improve their . 
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receiving performance. 

Although equal gain combining diversity receivers 
require only simple equalizers to be added and can 
accordingly operate with comparatively small circuitry, and 
although they can provide better reception than with 
selection diversity, there has been a problem in that their 
reception cannot be improved over that of maximal ratio 
combining diversity. There has also been a problem in that 
as the difference between the received signals on the pair 
of demodulation paths increases, the receiving performance 
of equal gain combining diversity receivers is degraded. 

Maximal ratio combining diversity receivers can provide 
better receiving performance than selection or equal gain 
combining diversity receivers, but there has been a problem 
in that they require circuitry for generating weighting 
coefficients according to the (estimated) received signal 
power ratio and further multiplying the received signal 
powers by the weighting coefficients, resulting in larger 
circuit scale . 

The present invention is intended to solve problems 
such as those above, and has the object of providing a 
diversity receiver with a small circuit scale in which the 
receiving performance can be improved to a level near that 
of a maximal ratio combining diversity receiver. 

DISCLOSURE OF THE INVENTION 
The diversity receiver of the present invention has: a 
plurality of demodulation paths for demodulating received 
signals and outputting demodulated signals; a power ratio 
comparator for calculating a power ratio from a first power 
corresponding to a first received signal on one of the 
demodulation paths and a second power corresponding to a 
second received signal on another one of the demodulation 
paths , and comparing the power ratio with a predetermined 
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threshold value; a signal selector for selecting one of the 
demodulated signals output from the plurality of 
demodulation paths and outputting the selected demodulated 
signal; an equal-gain signal combiner for combining the 
demodulated signals output from the plurality of 
demodulation paths with predetermined gains , and outputting 
a combined demodulated signal; and a demodulated signal 
output unit for outputting one of the demodulated signals , 
either the selected demodulated signal or the combined 
demodulated signal, responsive to the result of the 
comparison in the power ratio comparator. 

The diversity receiving method of the present invention 
adaptively switches between selection diversity and equal 
gain combining diversity for each subcarrier component 
according to power values of the received signals on the 
demodulation paths, so in comparison with conventional 
diversity receiving methods using only selection diversity 
or only equal gain combining diversity, it can provide a 
larger diversity effect and improved receiving performance, 
and a diversity receiver producing a large diversity effect 
can be implemented with less circuitry than when maximal 
ratio combining diversity is practiced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a diversity 
receiver in a first embodiment of the invention. 

FIG. 2 is a drawing showing a scattered pilot, which is 
a known pilot subcarrier component inserted periodically 
among the Fourier-transformed OFDM subcarriers. 

FIG. 3 is a- drawing simulating the CNR' s in the 
selection system, equal gain combining system, and maximal 
ratio combining system. 

FIG. 4 is a drawing simulating the CNRs in the adaptive 
combining system and maximal ratio combining system. 
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FIG. 5 is a block diagram illustrating a diversity 
receiver in a second embodiment of the invention. 

FIG. 6 is a block diagram illustrating a diversity 
receiver in a third embodiment of the invention. 

FIG. 7 is a block diagram illustrating a diversity 
receiver in a fourth embodiment of the invention. 

FIG. 8 is a block diagram illustrating a diversity 
receiver in a fifth embodiment of the invention. 

FIG. 9 is a block diagram illustrating a diversity 
receiver in a sixth embodiment of the invention. 

FIG. 10 is a block diagram illustrating a diversity 
receiver in a seventh embodiment of the invention. 

FIG. 11 is a block diagram illustrating a diversity 
receiver in an eighth embodiment of the invention. 

FIG. 12 is a block diagram showing the structure of the 
first pre-combination error correction unit in FIG. 11. 

FIG. 13 is a flow diagram showing an example of the 
operation of the main parts of the diversity receiver in FIG. 
11. 

FIG. 14 is a block diagram illustrating a diversity 
receiver in a ninth embodiment of the invention. 

FIG. 15 is a flow diagram showing an example of the 
operation of the main parts of the diversity receiver in FIG. 
14. 

BEST MODE OF PRACTICING THE INVENTION 
In the following descriptions of the embodiments, the 
case in which an orthogonal frequency division multiplexing 
(OFDM) signal is received in the instant diversity receiver 
will be described. OFDM transmission technology and 
diversity technology will be described before the 
description of the embodiments. 

OFDM transmission technology (for transmitting and 
receiving) transmits information modulated onto a 
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multiplexed plurality of subcarriers having mutually 
orthogonal frequencies and performs the reverse process at 
the receiving end to demodulate the signal; practical use of 
this transmitting and receiving technology is advancing, 
particularly in the broadcasting and communication fields. 

In OFDM transmission, the transmitter first assigns the 
data to be transmitted to a plurality of subcarriers, and 
modulates each subcarrier digitally by a system such as QPSK 

(Quadrature Phase Shift Keying) , QAM (Quadrature Amplitude 
Modulation) , or DQPSK (Differential Encoded Quadrature Phase 
Shift Keying) . Additional information relating to 
transmission parameters and transmission control, and a 
continuous pilot carrier component modulated with known data, 
are modulated onto a particular subcarrier using DBPSK 

(Differential Binary Phase Shift Keying) or BPSK (Binary 
Phase Shift Keying) ; after these are multiplexed, the OFDM 
signal is converted to a desired frequency and transmitted. 

More specifically, in transmission, the data to be 
transmitted are mapped onto the subcarriers according to the 
modulation system thereof, and an inverse discrete Fourier 
transform is performed. Next, after the inverse discrete 
Fourier transform, the last part of the signal is copied to 
the beginning of the signal. This part is referred to as the 
guard interval; this enables the signal to be received 
without symbol interference at the receiving end even if 
there is a delayed signal having a delay time equal to or 
less than the guard interval . 

Because all of the subcarriers in the OFDM system 
possess mutual orthogonality, the transmitted data can be 
recovered correctly if the subcarrier frequencies are 
correctly recovered at the receiving end. When the 
subcarrier frequencies at the receiving end include error 
with respect to the actual frequencies, however, 
intercarrier interference occurs, the probability of 



6 



541672WO01T 



incorrect recovery of the transmitted data increases, and 
transmission characteristics are degraded. Accordingly, the 
accuracy with which the subcarrier frequencies can be 
recovered at the receiving end is a critical issue in an 
OFDM system. 

A demodulator that receives an OFDM signal orthogonally 
demodulates the complex digital OFDM signal that is 
generally input, converting its frequency to the baseband, 
removes the guard intervals to obtain a time-domain signal, 
and Fourier-transforms the time-domain signal to obtain a 
frequency-domain signal, which is then detected and thereby 
demodulated. 

In an OFDM system, each subcarrier carries transmitted 
data mapped according to a modulation system such as QPSK or 
multilevel QAM; known pilot carrier signals are inserted 
among the subcarriers periodically in the frequency and time 
directions. In the Japanese terrestrial digital TV 
broadcasting system, for example, a scattered pilot is 
inserted periodically; the OFDM receiver estimates channel 
characteristics on the basis of the scattered pilot to 
demodulate the subcarriers . 

Diversity technology uses a plurality of demodulation 
paths (at least two paths) as described above from 
respective antennas to respective OFDM demodulators, thereby 
obtaining higher receiving performance than when a single 
demodulation path is used. When signals are received in 
adverse transmission environments caused by multipath or 
Rayleigh-f ading channels, diversity technology, by effecting 
spatial diversity, generally reduces the error rate after 
signal demodulation and improves the receiving performance. 

First Embodiment 

FIG. 1 is a block diagram illustrating the diversity 
receiver in the first embodiment. 

As OFDM signal demodulation paths, the diversity 
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receiver has two demodulation paths: demodulation path A and 
demodulation path B. Demodulation path A has a first antenna 
11, a first tuner 12, a first AGC (Automatic Gain Control) 
unit 13, a first ADC (analog-to-digital converter) 14, and a 
first OFDM demodulator 15. Demodulation path B has a second 
antenna 21, a second tuner 22, a second AGC unit 23, a 
second ADC 24, and a second OFDM demodulator 25. 

In the diversity receiver illustrated in FIG. 1, the 
first antenna 11 and second antenna 21 receive wireless 
signals that have been modulated for transmission. The first 
tuner 12 and second tuner 22 convert the frequency of the 
received wireless signals to a predetermined frequency band. 

The first AGC unit 13 and second AGC unit 23 adjust the 
gain levels of the frequency-converted analog signals. The 
gain level adjustment performed by the first AGC unit 13 and 
second AGC unit 23 produces optimal signal levels in the 
first and second demodulators 46, 56 in the following stage. 
Adjustment of the gain by the AGC circuits 13, 23 is 
preferable because in general the signal power of the 
received signals input from the antennas 11, 21 varies due 
to, for example, the antenna gain and channel conditions. 

The first ADC 14 and second ADC 24 convert the 
frequency-converted and gain-adjusted analog signals to 
digital signals, outputting a first received signal and a 
second received signal to the first OFDM demodulator 15 and 
second OFDM demodulator 25, respectively. 

The first OFDM demodulator 15 and second OFDM 
demodulator 25 demodulate the first received signal and the 
second received signal and output respective digital 
demodulated signals. 

Signals corresponding to power (referred to as 
estimated power P es below) in estimated channel values 
calculated for each subcarrier in the received signals on 
demodulation paths A and B are input from the first OFDM 
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demodulator 15 and second OFDM demodulator 25 to a power 
ratio comparator 31. 

The power ratio comparator 31 decides which of the 
estimated power values P es is larger: the estimated power 
value P es _A of demodulation path A or the estimated power 
value P es j3 of demodulation path B. It also compares an 
estimated power ratio P es _R obtained by dividing the larger 
of the two estimated power values P es A and P es B by the 
smaller of these values with a predetermined threshold 
(referred to in the first embodiment as the power ratio 
threshold) for each subcarrier, and outputs a signal 
indicating the result of the comparison to the 
selective/equal gain combining selector 33. 

More specifically, if the estimated power ratio P es R is 
smaller than the power ratio threshold value, the power 
ratio comparator 31 outputs to the selective/equal gain 
combining selector 33 a signal indicating that a demodulated 
signal obtained by an equal-gain signal combiner 62, 
described later, will be output. On the other hand, if the 
estimated power ratio P es R is larger than the power ratio 
threshold, the power ratio comparator 31 outputs to the 
selective/equal gain combining selector 33 a signal 
indicating that the demodulated signal with the larger of 
the two estimated power values P es _A/ p es_B will be selected 
by the signal selector 61, described later. 

In other words, the power ratio comparator 31 
calculates the power ratio P e s_R from a first estimated power 
value which is a first power corresponding to the first 
received signal on demodulation path A and a second 
estimated value which is a second power corresponding to the 
second received signal on demodulation path B, and compares 
the power ratio P es _R with a predetermined threshold value 
(power ratio threshold) . 

According to the signal received from the power ratio 
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comparator 31, the selective/equal gain combining selector 
33 decides whether to output a demodulated signal 
(hereinafter also referred to as a selected demodulated 
signal) that is obtained by selecting one of the two 
demodulated signals output from the first OFDM demodulator 
15 and the second OFDM demodulator 25 (selection diversity) 
or a demodulated signal (hereinafter also referred to as a 
combined demodulated signal) that is obtained by combining 
both the demodulated signals with equal gain (equal gain 
combining diversity) . Accordingly, in the diversity receiver 
according to the first embodiment,, a resultant demodulated 
signal is output by the selective/equal gain combining 
selector 33 . The selective/equal gain combining selector 33 
thus functions as the demodulated signal output unit of the 
diversity receiver . 

In other words , based on the output of the power ratio 
comparator 31, the selective/equal gain combining selector 
33 outputs the single output from the first demodulator 46, 
the single output from the second demodulator 56, or a 
combined output obtained by combining the outputs from the 
first demodulator 46 and the second demodulator 56 with 
equal gain. 

Accordingly, the selectively combined or equal gain 
combined signal output from the selective/equal gain 
combining selector 33 is a signal obtained by adaptively 
selecting either a demodulated signal obtained by selecting 
one of the demodulated signals corresponding to the first 
and second received signals for each subcarrier component or 
a demodulated signal that is combined with equal gain 
according to the estimated power ratio P es _R of the received 
signals on demodulation paths A and B; the diversity effect 
of the two demodulation paths A and B reduces the error rate 
of the modulated signal. 

The error correction unit 34 performs error correction 
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on the selectively combined or equal-gain combined signal 
output from the selective/equal gain combining selector 33 
and outputs the corrected demodulated signal. 

Next, the internal structure of the first OFDM 
demodulator 15 and the second OFDM demodulator 2 5 will be 
described. GI removers 41, 51 are provided for eliminating 
guard intervals (GI's) in the first OFDM demodulator 15 and 
the second OFDM demodulator 25, respectively. The first GI 
remover 41 takes the first received signal as input and 
recovers the OFDM symbol timing to eliminate the guard 
intervals added to the first received signal; the second GI 
remover 51 takes the second received signal as input and 
recovers the OFDM symbol timing to eliminate the guard 
intervals added to the second received signal. 

A first FFT unit 42 and second FFT unit 52 convert 
input time domain signals by the Fast Fourier Transform 
(referred to as FFT below) to output frequency domain 
signals. The frequency domain signals correspond to the 
subcarrier components of the first received signal and the 
second received signal. 

A first channel estimator 43 and second channel 
estimator 53 extract pilot carrier components included in 
the frequency domain signals output from the first FFT unit 
42 and second FFT unit 52 to estimate the channel 
characteristics of the signals received from antennas 11 and 
21. For example, in the Japanese terrestrial wave digital TV 
broadcasting system, scattered pilots are inserted 
periodically as shown in FIG. 2, and are used by TV 
receivers to estimate channel characteristics for 
demodulation of the carrier waves. A general channel 
estimation method, for example, divides each of the 
extracted scattered pilots by its known data and 
interpolates the results in the time and frequency 
directions, thereby enabling estimation of the channel 
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characteristics for each subcarrier component. 

A first estimated power value calculator 44. and second 
estimated power value calculator 54 calculate the estimated 
power P es _A, Pes_B on the channels estimated for each 
subcarrier in the channel estimators 43, 53, and output the 
results to a first demodulator 46, a second demodulator 56, 
and the power ratio comparator 31. As described above, in 
this embodiment, since the received signals are OFDM signals 
modulated by the OFDM modulating system, the pilot signals 
(pilot subcarrier components) included in the OFDM signals 
are used as reference signals by the channel estimators 43, 
53 to estimate the channel characteristics; the estimated 
power corresponding to each of the results is calculated by 
the estimated power value calculators 44, 54; the estimated 
power values are input to the power ratio comparator 31 as 
the received power; the power ratio comparator 31 calculates 
the power ratio of the power values; the calculated power 
ratio is compared with the predetermined threshold; the 
result of the comparison is output to the selective/equal 
gain combining selector 33 . 

A first demodulator 46 and second demodulator 56 
demodulate each subcarrier component by dividing the 
frequency domain signals output from the FFT units 42, 52 by 
signals corresponding to the channel estimation results 
output from the channel estimators 43, 53. This operation is 
equivalent to multiplying the frequency domain signal by the 
complex conjugate signal of the channel estimation results 
and then dividing the result by the power value of the 
estimated channel characteristic. More specifically, the 
first demodulator 46 multiplies the output of the first FFT 
unit 42 by the complex conjugate signal of the output of the 
first channel estimator 43 and divides the result by the 
first estimated power value P es _A- The second demodulator 56 
multiplies the output of the second FFT unit 52 by the 
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complex conjugate signal of the output of the second channel 
estimator 53 and divides the result by the second estimated 
power value P es _B- 

Next, the internal structure of the selective/equal 
gain combining selector 33 will be described. The 
selective/equal gain combining selector 33 has a signal 
selector 61 and an equal-gain signal combiner 62. The signal 
selector 61 outputs a signal by the selection diversity 
system; more specifically, it selects either the first 
demodulated signal output from the first OFDM demodulator 15 
or the second demodulated signal output from the second OFDM 
demodulator 25 and outputs the selected signal as the 
selected demodulated signal. 

The equal-gain signal combiner 62 outputs a signal by 
the equal-gain combined diversity system; it combines the 
first demodulated signal output from the first OFDM 
demodulator 15 and the second demodulated signal output from 
the second OFDM demodulator 25 with equal gain and outputs 
the result as a combined demodulated signal . 

In the selective/equal gain combining selector 33, 
switching between the signal selector 61 and equal-gain 
signal combiner 62 may be performed by providing a switching 
means or other equivalent means. The received signal used in 
this embodiment is an OFDM signal, which includes a 
plurality of subcarrier components; a demodulated signal 
output unit 68 outputs either the selectively demodulated 
signal or the combined demodulated signal for each 
subcarrier component. The signal resulting from the 
comparison by the power ratio comparator 31 is obtained from 
the result of a comparison of the power ratio with a 
threshold value that is determined under the condition that 
the received-power-to-noise-power ratio of the demodulated 
signal obtained by equal-gain combining of the plurality of 
demodulated signals must equal the maximum of the received- 
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power-to-noise-ratios of the plurality of demodulated 
signals. 

The selective/equal gain combining selector 33 outputs 
to the error correction unit 34 either the demodulated 
signal obtained by the signal selector 61 or the demodulated 
signal obtained by the equal-gain signal combiner 62 as a 
selectively combined or equal-gain combined signal, 
responsive to the output from the power ratio comparator 31. 

The method of determining from the output of the power 
ratio comparator 31 whether to use the demodulated signal 
from the signal selector 61 or the demodulated signal from 
the equal-gain signal combiner 62 as the selectively 
combined or equal-gain combined signal will be described. 

In general , when two antennas, the first antenna 11 and 
second antenna 21, are used to perform spatially selective 
diversity, or selection diversity, the instantaneous 
received-power-to-noise-power ratio of the finally output 
demodulated signal (CNR) SC is expressed by equation 1 below. 

{CNR) 5C = max[(CNR) A , {CNR) B ] ---(l) 

(CNR) a , (CNR) b / and (CNR) SC are the carrier-to-noise 
ratios of the subcarrier on demodulation path A, the 
subcarrier on demodulation path B, and the selectively 
combined signal, respectively; the function max [XI, X2 ] 
selects and outputs the larger of XI and X2 . It is assumed 
that the two antennas receive signals with equal noise power. 
Under this assumption, the amounts of power corresponding to 
the subcarriers are proportional to the values of (CNR) A and 
(CNR) b . 

The carrier-to-noise ratio of the final demodulated 
signal output by the equal gain combining diversity system, 
(CNR) EGC , is expressed by equation 2 below. 
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(CNR) EGC =^(j{CNR) A +j{CNR)J • • • (2) 

If the carrier-to-noise ratio of the final demodulated 
signal output by the maximal ratio combining diversity 
system is (CNR) MRC , (CNR)mr C is expressed by equation 3 below. 

(CNR) MRC = {CNR) A + {CNR) B • • • (3) 

FIG. 3 is a graph showing computer simulation results 
of the carrier-to-noise ratios for selection diversity, 
equal gain combining diversity, and maximal ratio combining 
diversity, based on equations 1, 2, and 3. (CNR) A becomes 
CNRi in FIG. 3, and (CNR) b becomes CNR 2 ; the graph shows the 
carrier-to-noise ratios of the final output demodulated 
signals for each type of diversity if CNRi is fixed at 20 dB 
and CNR 2 is varied from 0 dB to 40 dB . The circles indicate 
the carrier-to-noise ratio for selection diversity ; the 
squares indicate the carrier-to-noise ratio for equal gain 
combining diversity; the stars indicate the carrier-to-noise 
ratio for maximal ratio combining diversity. 

It can be seen from FIG. 3 that the closer the carrier- 
to-noise ratio CNR 2 of the second received signal is to the 
carrier-to-noise ratio CNRi of the first received signal 
(fixed at 20 dB in FIG. 3) , the less the diversity effect of 
selection diversity becomes in comparison with maximal ratio 
combining diversity. For equal gain combining diversity, 
conversely, the further CNR 2 is from CNRi, the less the 
diversity effect becomes in comparison with maximal ratio 
combining diversity . 

It can accordingly be seen that the diversity effect 
can be improved by choosing either the selected demodulated 
signal obtained by the signal selector 61 or the combined 
demodulated signal obtained by the equal-gain signal 
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combiner 62 as the selectively combined or equal gain 
combined signal. The choice can be made between using the 
selected demodulated signal or the combined demodulated 
signal as the selectively combined or equal gain combined 
signal by setting boundaries where the carrier-to-noise 
ratio obtained by selection diversity becomes equal to the 
carrier-to-noise ratio obtained by equal gain combining 
diversity. That is, the switchover between the selected 
demodulated signal and the combined demodulated signal can 
be made according to formula 4 below. The term 3 +■ 2V2 in 
formula 4 is the value of the ratio of the carrier-to-noise 
ratios at which the left side of equation 1 becomes equal to 
the left side of equation 2. Diversity carried out by 
switching between the selected demodulated signal and 
combined demodulated signal according to the condition given 
in formula 4 will also be referred to as adaptive combining 
diversity in the description below. 



Combining method - 



, • u max[(CNR) A ACNR) B ] ^„ ^ 

equal gain , when n sr~~7 <r^r ^ 3 + 2V2 

min[{CNR) A XCNR) B \ ...(4) 



selection , otherwise 



When the selected demodulated signal is selected 
according to formula 4, in the signal selector 61, it 
suffices to select one of the demodulated signals output 
from demodulation paths A and B according to the condition 
given in formula 5 below, 



\S A , when (CNR) A >{CNR) b 
Combined signal =\ A A B • • • (5) 

\S B , otherwise 



In formula 5, S A denotes the- demodulated signal input to 
the selective/equal gain combining selector 33 through 
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demodulation path A, that is, the first demodulated signal, 
and S B denotes the demodulated signal input to the 
selective/equal gain combining selector 33 through 
demodulation path B, that is, the second demodulated signal. 

Adaptive diversity is a system that selects either 
selection diversity or equal gain combining diversity 
adaptively to increase the carrier-to-noise ratio 
corresponding to the final output demodulated signal. 

FIG. 4 shows computer simulated results of carrier-to- 
noise ratios when adaptive combining diversity and maximal 
.ratio combining diversity are used. CNRx is fixed at 20 dB, 
and CNR 2 is varied from 0 dB to 40 dB. The triangles in FIG. 
4 indicate the carrier-to-noise ratio obtained by adaptive 
combining diversity; the stars indicate the carrier-to-noise 
ratio obtained by maximal ratio combining diversity. 

In FIG. 4, the adaptive diversity processing was 
switched at the points at which the carrier-to-noise ratio 
obtained by selection diversity and the carrier-to-noise 
ratio obtained by equal gain combining diversity became 
equal (near 12 dB and 28 dB on the scale on the horizontal 
axis in FIG. 4) . The output was accordingly obtained by 
selection diversity when CNR2 was greater than 0 dB and less 
than about 12 dB, and when CNR 2 was greater than about 2 8 dB, 
and by equal gain combining diversity in the interval from 
about 12 dB to about 28 dB . That is, selection diversity and 
equal gain combining diversity were switched at threshold 
values of ±8 dB from a center value of 20 dB on the 
horizontal scale in FIG. 4. 

The value of CNR 2 at 12 dB on the horizontal scale under 
the conditions in FIG. 4, 

CNR 2 = 10 X logic (10 (20/10> / (3 + 2^2)) dB 
corresponds to the case in which the value of the CNR ratio 
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in formula 4 is: 

(CNR) A / (CNR) B - 3 + 2V2 

The value of CNR 2 at 28 dB on the horizontal scale under the 
conditions in FIG. 4, 

CNR 2 = 10 X log 10 (10 <20/10) / (3 + 2V2) ) dB 

corresponds to the case in which the value of the CNR ratio 
in formula 4 is: 

(CNR) B / (CNR) A = 3 + 2^2 

From the above, the threshold value in the power ratio 
comparator 31 is determined from conditions under which the 
received-power-to-noise-power ratio of the demodulated 
signal obtained by combining a plurality of demodulated 
signals with equal gain becomes equal to the maximal 
received-power-to-noise-power ratio among the received- 
power-to-noise-power ratios corresponding to each of the 
plurality of demodulated signals. The signal selector 61 
selects and outputs the demodulated signal having the 
maximal received-power-to-noise-power ratio among the 
received-power-to-noise-power ratios corresponding to each 
of the demodulated signals output from demodulation paths A 
and B. 

It can be seen from FIG. 4 that by using the adaptive 
combining diversity described above in the first embodiment, 
the diversity effect can be improved, compared with the use 
of selection diversity or equal gain combining diversity 
alone, the effect becoming substantially the same as when 
maximal ratio combining diversity is used. 

Adaptive combining diversity can accordingly be carried 
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out by input of the power ratio threshold value 
corresponding to the estimated power ratio P es ^ R; using the 
correspondence relationship between the estimated power 
values P es _A, Pes_B and (CNR) A , (CNR) B . 

Thus, because the diversity receiver in the first 
embodiment is structured to output either a selected 
demodulated signal or a combined demodulated signal as the 
selectively combined or equal gain combined signal for each 
subcarrier component adaptively, in such a way as to 
increase the carrier-to-noise ratio of the selectively 
combined or equal gain combined signal output from the 
selective/equal gain combining selector 33, it becomes 
possible to increase the diversity effect as compared with 
conventional diversity receivers using only selection 
diversity or only equal gain combining diversity. The 
receiving performance of the diversity receiver can also be 
improved. The diversity receiver in the first embodiment can 
also increase the diversity effect with a smaller circuit 
scale than when maximal ratio combining diversity is 
practiced . 

Second Embodiment 
The first embodiment provides a structure in which 
adaptive combining diversity is carried out using power 
estimates P es _A/ Pes_B output from the estimated power value 
calculators 44,. 54. In the second embodiment, the power of 
the subcarrier components is calculated from the signal 
output after the Fourier transform, and adaptive combining 
diversity is carried out using the calculated result. In the 
description below, subcarrier component power is also 
referred to as subcarrier power, and the value of the 
subcarrier power is also referred to as a subcarrier power 
value . 

FIG. 5 is a block diagram showing a diversity receiver 
in the second embodiment. 
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The structure of the diversity receiver in FIG. 5 is 
the same as shown in FIG. 1 in the first embodiment, except 
for the first OFDM demodulator 15a, second OFDM demodulator 
25a, power ratio comparator 31a, first subcarrier power 
calculator 45, and second subcarrier power calculator 55, 
and except that there are no output connections from the 
first estimated power value calculator 44 and second 
estimated power value calculator 54 to the power ratio 
comparator 31a. 

The operation of the diversity receiver in the second 
embodiment will be described below. Descriptions of 
structures that are the same as in the first embodiment will 
be omitted. 

The first subcarrier power calculator 45 in the first 
OFDM demodulator 15a receives the frequency domain signal on 
demodulation path A, and calculates and then outputs the 
subcarrier power P c a of the frequency domain signal. 
Similarly, the second subcarrier power calculator 55 in the 
second OFDM demodulator 25a receives the frequency domain 
signal on demodulation path B, and calculates and then 
outputs the subcarrier power P c B of the frequency domain 
signal . 

The power ratio comparator 31a receives subcarrier 
power values P c a, p c b and a predetermined threshold value 
corresponding thereto. In the second embodiment, this 
threshold value, to which a power ratio obtained from the 
above power values is compared, will be referred to as the 
power ratio threshold value, as in the first embodiment. 

The power ratio comparator 31a determines which of the 
two subcarrier power values, P C ^ A , P c _b is larger. It 
furthermore compares the subcarrier power ratio P c _r obtained 
by dividing the larger one of the two subcarrier power 
values P c _a anc * p c_b by the smaller one with the power ratio 
threshold value, and outputs a signal corresponding to the 
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result of the comparison for each subcarrier to the 
selective/equal gain combining selector 33. 

More specifically, when the subcarrier power ratio P c _r 
is smaller than the power ratio threshold value, the power 
ratio comparator 31a outputs to the selective/equal gain 
combining selector 33 a signal indicating that the 
demodulated signal obtained in the equal-gain signal 
combiner 62 is to be output. Conversely, when the subcarrier 
power ratio P c _r is larger than the power ratio threshold 
value, the power ratio comparator 31a outputs to the 
selective/equal gain combining selector 33 a signal 
indicating that the demodulated signal corresponding to the 
larger of the two subcarrier power values P c A and P c B is to 
be selected. 

Responsive to the signal received from the power ratio 
comparator 31a, the selective/equal gain combining selector 
33 selects either selection diversity, in which either the 
demodulated signal from the first OFDM demodulator 15a or 
the demodulated signal from the second OFDM demodulator 25a 
is selected and output, or equal gain combining diversity, 
in which a demodulated signal obtained by combining the two 
demodulated signals from the first OFDM demodulator 15a and 
second OFDM demodulator 25a with equal gain is selected and 
output . 

That is, according to the output of the power ratio 
comparator 31a, the selective/equal gain combining selector 
33 outputs the output signal from the first demodulator 46 
alone, the output signal from the second demodulator 5 6 
alone, or a combined output signal obtained by combining the 
above output signals. 

Accordingly, the selectively combined or equal gain 
combined signal output from the selective/equal gain 
combining selector 33 is a signal obtained for each 
subcarrier component by adaptively selecting either a 
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demodulated signal corresponding to one of the subcarrier 
power values P C _ A and P C _ B of the pair of received signals or 
the demodulated signal obtained by combining the first 
demodulated signal and the second demodulated signal with 
equal gain responsive to the subcarrier power ratio P c R , 
having a reduced error rate resulting from the diversity 
effect of the two demodulating paths A and B. 

As described above, like the first embodiment, the 
second embodiment is structured so that subcarrier component 
power values P C _ A and P C _ B corresponding to (CNR) A and (CNR) B 
are calculated after the Fourier transform, and adaptive 
combining diversity is carried out using the result. This 
structure makes it possible to carry out adaptive combining 
diversity without being affected by channel estimation 
errors, thus improving the receiving performance of the 
diversity receiver . 

Third Embodiment 

The diversity receivers in the first and second 
embodiments are structured so that estimated power or 
subcarrier power is determined from frequency domain signals 
output from the FFT units 42 and 52, based on which adaptive 
combining diversity is carried out. In the third embodiment, 
the power levels of the signals input through the antennas 
11, 21 are determined and adaptive combining diversity is 
carried out by using these power levels, as described below. 

FIG. 6 is a block diagram showing the diversity 
receiver in the third embodiment. 

The structure of the diversity receiver in FIG. 6 is 
the same as shown in FIG. 1 in the first embodiment or in 
FIG. 6 in the second embodiment, except for the first OFDM 
demodulator 15b, second OFDM demodulator 25b, power ratio 
comparator 31b, input connections to the AGC units 13, 23, 
and output connections from the ADC's 14, 24. 

The operation of the diversity receiver in the third 
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embodiment will be described below. Descriptions of 
structures that are the same as in the first or second 
embodiment will be omitted. 

The first gain detector 47 in the first OFDM 
demodulator 15b receives a first received signal from the 
first ADC 14, calculates a difference between the average 
power of the first received signal and a desired power value , 
and outputs the calculated result as a first power control 
signal to the power ratio comparator 31b and the first AGC 
unit 13. Similarly , the second gain detector 57 in the 
second OFDM demodulator 25b receives a second received 
signal from the second ADC 24 , calculates the difference 
between the average power of the second received signal and 
a desired power value, and outputs the calculated result as 
a second power control signal to the power ratio comparator 
31b and the second AGC unit 23. 

The first power control signal and the second power 
control signal are used in the first AGC unit 13 and second 
AGC unit 23 to select the degree of amplification of the 
signals received through the antennas 11 and 21; a higher 
signal level of the power control signal indicates a lower 
antenna output signal power. 

In the gain detectors 47 and 57 , increasing the period 
of time over which the power of the received signal is 
averaged can improve the reliability of the final average 
value by allowing errors due to random noise to cancel out. 
If the averaging period is too long, however, time 
variations in the power of the received signal can cause 
performance degradation in some applications. The period of 
time over which the received signal power is averaged should 
therefore be optimized for each application. 

The first received signal and the second received 
signal are input to the OFDM demodulators 15b, 25b' after 
gain adjustment. Accordingly, if there is a difference 
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between the antenna gains on demodulation paths A and B, for 
example, a difference in the power levels of the signals 
received through antennas 11, 12 causes a difference in the 
noise power of the first received signal and the second 
received signal . 

The difference in noise power affects the carrier-to- 
noise ratio of the signal output from the selective/equal 
gain combining selector 33. In particular, when one of the 
received signals on the demodulation paths A and B is weaker 
than the other, and accordingly the amplification factor of 
the AGC unit 13 or 23 must be increased, the diversity 
effect is reduced. In order to prevent the diversity effect 
from being reduced, therefore, it is effective to control 
adaptive combining diversity according to the power ratio 
calculated by using the received signals before their gains 
are adjusted in the AGC units 13, 23. 

The power ratio comparator 31b receives the first 
control signal output from the first gain detector 47, the 
second control signal output from the second gain detector 
57, and a predetermined threshold value. In the third 
embodiment, the predetermined threshold value, which is 
compared with the power ratio obtained from the above- 
mentioned power values, will be referred to as the power 
ratio threshold value, as in the first embodiment and the 
second embodiment. 

By using the first power control signal and the second 
power control signal output from the gain detectors 47, 57, 
the power ratio comparator 31b determines whether the first 
received signal or the second received signal has the higher 
power level. Then the power ratio comparator 31b uses the 
above two power control signals to calculate received signal 
powers P A , P B corresponding to the power control signals, 
compares the received signal power ratio P R , which is 
obtained by dividing the larger one of the two received 
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signal powers P A , P B by the smaller one, with the power ratio 
threshold value, and outputs to the selective/equal gain 
combining selector 33, for each subcarrier, a signal varying 
responsive to the comparison result. 

More specifically, when the received signal power ratio 
P R is smaller than the power ratio threshold value, the power 
ratio comparator 31b sends the selective/equal gain 
combining selector 33 a signal indicating that the 
demodulated signal obtained in the equal-gain signal 
combiner 62 is to be output. Conversely, when the received 
signal power ratio P R is larger than the power ratio 
threshold value, the power ratio comparator 31b sends the 
selective/equal gain combining selector 33 a signal 
indicating that the demodulated signal corresponding to the 
larger of the two received signal power values P c A , P c B is 
to be selected. 

Based on the signal received from the power ratio 
comparator 31b, the selective/equal gain combining selector 
33 selects either selection diversity, in which either the 
demodulated signal from the first OFDM demodulator 15b or 
the demodulated signal from the second OFDM demodulator 2 5b 
is selected and output, or equal gain combining diversity, 
in which a demodulated signal obtained by combining the two 
demodulated signals from the first OFDM demodulator 15b and 
second OFDM demodulator 25b with equal gain is selected and 
output . 

That is, according to the output of the power ratio 
comparator 31b, the selective/equal gain combining selector 
33 outputs the output signal from the first demodulator 46 
alone, the output signal from the second demodulator 56 
alone, or a combined output signal obtained by combining the 
above output signals. 

Accordingly, the selectively combined or equal gain 
combined signal output from the selective/equal gain 
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combining selector 33 is a demodulated signal obtained for 
each subcarrier component by adaptively selecting either a 
demodulated signal obtained by equal gain combining 
diversity responsive to the received signal power ratio P R or 
a demodulated signal obtained by selecting one of the two 
demodulated signals corresponding to the received signals , 
having a reduced error rate resulting from the diversity 
effect of the two demodulating paths A and B. 

As described above, since the diversity receiver in the 
third embodiment is structured so that adaptive combining 
diversity is carried out by using the control signals for 
adjusting the power levels of signals received through the 
antennas 11 , 21, even if there is a difference between the 
receiving power levels of the two received signals, it is 
possible to combine the signals without reducing the 
diversity effect. The performance of the diversity receiver 
can also be improved. Furthermore, even if the receiving 
power levels of the two received signals differ from each 
other, it is also possible to combine the signals without 
reducing the diversity effect, resulting in improved 
receiving performance of the receiver. 

In the third embodiment, the received signal power of 
each signal is calculated by using the two power control 
signals as described above and a signal is output from the 
power ratio comparator 31b on the basis of the received 
signal power, but the signal output from the power ratio 
comparator 31b may be based directly on the power control 
signals. In this case, since as the antenna output signal 
power decreases, the power control signal power increases, 
as mentioned above, it is necessary to regard a higher level 
of the power control signal as indicating a reduced carrier- 
to-noise ratio. To determine the power control signal ratio, 
therefore, the reciprocal ratio of the power control signal 
values is determined, and adaptive combining diversity is 
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carried out according to the reciprocal ratio. When the 
output of the signal selector 61 is used as the selectively 
combined or equal gain combined signal, it is necessary to 
choose between the output signals from the demodulators 46, 
56 in the OFDM demodulators 15b, 25b by selecting the output 
signal corresponding to the smaller of the two power control 
signals . 

Fourth Embodiment 

The diversity receiver in the third embodiment is 
structured so as to determine the power levels of the 
signals received through the antennas 11, 21 and carry out 
adaptive combining diversity per OFDM symbol by using these 
power levels. The diversity receiver in the fourth 
embodiment carries out adaptive combining diversity by using 
the power levels of the signals received through the 
antennas 11, 21 and the signal power derived from channel 
estimation for each subcarrier, as described below. 

FIG. 7 is a block diagram showing the diversity 
receiver in the fourth embodiment. 

The structure of the diversity receiver in FIG. 7 is 
the same as shown in FIG. 6 in the third embodiment, except 
for the first OFDM demodulator 15c, second OFDM demodulator 
25c, and power ratio comparator 31c, and except for the 
output connections to the power ratio comparator 31c from 
the estimated power value calculators 44, 54, which are the 
same as shown in FIG. 1 in the first embodiment. 

Next, the operation of the diversity receiver will be 
described. Descriptions of structures that are the same as 
in the first and third embodiments will be omitted. 

The power ratio comparator 31c receives the first 
control signal output from the first gain detector 47, the 
second control signal output from the second gain detector 
57, the first estimated power output from the first 
estimated power value calculator 44, the second estimated 
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power output from the second estimated power value 
calculator 54, and a predetermined threshold value. In the 
fourth embodiment, as in the first and third embodiments, 
the predetermined threshold value will be referred to as the 
power ratio threshold value. 

From the first power control signal, the power ratio 
comparator 31c calculates a coefficient by which to multiply 
the first estimated power value. Similarly, from the second 
power control signal it calculates a coefficient by which to 
multiply the second estimated power value. The power ratio 
comparator 31c also determines which of the estimated power 
values, thus multiplied, is larger. The power ratio 
comparator 31c further compares the power ratio threshold 
value with a value obtained by dividing the larger one of 
the two multiplication results, obtained by multiplying the 
estimated power values by the corresponding coefficients, by 
the smaller one, and outputs a signal varying for each 
subcarrier responsive to the comparison result to the 
selective/equal gain combining selector 33. 

Responsive to the signal received from the power ratio 
comparator 31a, the selective/equal gain combining selector 
33 selects either selection diversity, in which either the 
demodulated signal from the first OFDM demodulator 15c or 
the demodulated signal from the second OFDM demodulator 25c 
is selected and output, or equal gain combining diversity, 
in which a demodulated signal obtained by combining the two 
demodulated signals from the first OFDM demodulator 15c and 
second OFDM demodulator 25c with equal gain is selected and 
output . 

The coefficients by which the outputs of the first 
estimated power value calculator 44 and second estimated 
power value calculator 54 are multiplied will now be 
described. As noted above, too large a noise power 
differential between the first received signal and the 
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second received signal reduces the diversity effect. In 
order to prevent the diversity effect from being reduced, 
therefore, it is effective to control adaptive combining 
diversity by considering the power ratio of the received 
signals before their gains are adjusted. 

The relationship among the power values of the signals 
received through the first antenna 11 and the second antenna 
21, the gain adjustment quantities of the signals received 
through the first antenna 11 and the second antenna 21 , and 
the values of the output signals of the first estimated 
power value calculator 44 and second estimated power value 
calculator 54 corresponding to a subcarrier component can be 
approximately represented by equation 6 below. 



P A _ G B X A 



G A X B 



Pb 



(6) 



In this equation, P A is the power of the signal received 
through the first antenna 11, P B is the power of the signal 
received through the second antenna 21, G A is the gain 
adjustment quantity of the signal received through the first 
antenna 11, G B is the gain adjustment quantity of the signal 
received through the second antenna 21, x A is the output of 
the first estimated power value calculator 44 corresponding 
to the subcarrier component, and x B is the output of the 
second estimated power value calculator 54 corresponding to 
the subcarrier component. 

From the above equation, it can be seen that gain 
adjustment of the output of the first estimated power value 
calculator 44 in the first AGC unit 13 may be carried out by 
multiplying the output of the first estimated power value 
calculator 44 by a coefficient proportional to G B . Similarly, 
gain adjustment of the output from the second estimated 
power value calculator 54 in the second AGC unit 23 may be 
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carried out by multiplying the output of the second 
estimated power value calculator 54 by a coefficient 
proportional to G A . 

The power ratio comparator 31c carries out the decision 
process described by equations 4 and 5, for example, 
responsive to each pair of estimated power values obtained 
by multiplication by the above-mentioned coefficients. 

Responsive to the output from the power ratio 
comparator 31c , the selective/equal gain combining selector 
33 outputs the first modulated signal, the second modulated 
signal, or a modulated signal obtained by combining the 
first modulated signal and the second modulated signal with 
equal gain. 

Accordingly, the output of the selective/equal gain 
combining selector 33 is a signal obtained by carrying out 
adaptive combining diversity responsive to the power ratio 
of the signals received through the two antennas 11, 21 and 
the power ratio corresponding to the result of channel 
characteristic estimation of the received signals after the 
gain adjustment. 

As described above, since the fourth embodiment 
provides a structure in which adaptive combining diversity 
is carried out using the power control signals for adjusting 
the power levels of the signals received from antennas 11, 
21 and the power values corresponding to the results of 
channel characteristic estimation for each subcarrier 
component, even if there is a difference between the power 
levels of the two received signals, it is possible to 
combine the signals without reducing the diversity effect, 
resulting in improved receiving performance of the receiver. 

Fifth Embodiment 

The diversity receiver in the fourth embodiment is 
structured so that adaptive combining diversity is carried 
out by using the power levels of the signals received 
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through the antennas 11, 21 and the power values 
corresponding to the results of the channel characteristic 
estimation for each subcarrier. The diversity receiver in 
the fifth embodiment carries out adaptive combining 
diversity by using the power levels of the signals received 
through the antennas 11 , 21 and the signal power for each 
subcarrier, as described below. 

FIG. 8 is a block diagram showing the diversity 
receiver in the fifth embodiment. 

The structure of the diversity receiver in FIG. 8 is 
the same as shown in FIG. 7 in the fourth embodiment, except 
for the first OFDM demodulator 15d, second OFDM demodulator 
25d, power ratio comparator 31d, first subcarrier power 
calculator 45 , and second subcarrier power calculator 55, 
and except that there are no output connections to the power 
ratio comparator 3 Id from the first estimated power value 
calculator 44 and second estimated power value calculator 54. 
The first subcarrier power calculator 45 and second 
subcarrier power calculator 55 are the same as shown in FIG. 
5 in the second embodiment. 

Next, the operation of the diversity receiver in the 
fifth embodiment will be described. Descriptions of 
structures that are the same as in the first and fourth 
embodiments will be omitted . 

The power ratio comparator 31d receives the first 
control signal output from the first gain detector 47, the 
second control signal output from the second gain detector 
57, the first subcarrier power output from the first 
subcarrier power calculator 45, the second subcarrier power 
output from the second subcarrier power calculator 55, and a 
predetermined threshold value. In the fifth embodiment, as 
in the first and fourth embodiments, the predetermined 
threshold value, which is compared with a power ratio 
obtained from the above-mentioned power values, will be 
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referred to as the power ratio threshold value. 

The power ratio comparator 31d multiplies the first 
subcarrier power by a coefficient determined from the first 
power control signal. Similarly, it multiplies the second 
subcarrier power by a coefficient determined from the second 
power control signal. The power ratio comparator 31d further 
determines which of the multiplication results for the first 
subcarrier power and second subcarrier power is larger; then 
it compares the power ratio threshold value with a value 
obtained by dividing the larger one of the two 
multiplication results by the smaller one, and outputs a 
signal varying for each subcarrier responsive to the 
comparison result to the selective/equal gain combining 
selector 33. The above coefficient may be determined in the 
same way as in the fourth embodiment. More specif ically , it 
can be determined by processing of the outputs of the first 
estimated power value calculator 44 and second estimated 
power value calculator 54 similar to the processing of the 
outputs of the first subcarrier power calculator 45 and 
second subcarrier power calculator 55. 

Responsive to the signal received from the power ratio 
comparator 31d, the selective/equal gain combining selector 
33 selects either selection diversity, in which either the 
demodulated signal from the first OFDM demodulator 15d or 
the demodulated signal from the second OFDM demodulator 2 5d 
is selected and output, or equal gain combining diversity, 
in which a demodulated signal obtained by combining the two 
demodulated signals from the first OFDM demodulator 15d and 
second OFDM demodulator 25d with equal gain is selected and 
output . 

The power ratio comparator 31d carries out the decision 
process described by equations 4 and 5, for example, 
responsive to the results obtained by multiplying the 
subcarrier powers output from the first subcarrier power 
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calculator 45 and second subcarrier power calculator 55 by 
the coefficients. 

Responsive to the output from the power ratio 
comparator 31d, the selective/equal gain combining selector 
33 outputs the first modulated signal , the second modulated 
signal, or a modulated signal obtained by combining the 
first modulated signal and the second modulated signal with 
equal gain. 

Accordingly, the output of the selective/equal gain 
combining selector 33 is a signal obtained by adaptively 
switching between equal gain combining diversity and 
selection diversity for each subcarrier responsive to the 
power ratio of the pair of signals received through the 
antennas 11, 21 and the subcarrier power ratio of the 
received signals after the gain adjustment. 

As described above, since the fifth embodiment provides 
a structure in which adaptive combining diversity is carried 
out using the power control signals for adjusting the power 
levels of the signals received from the antennas 11, 21 and 
the power values of the subcarrier components after the 
Fourier transform, even if there is a difference between the 
power levels of the two received signals, it is possible to 
combine the signals without reducing the diversity effect, 
resulting in improved receiving performance of the receiver, 
and it is possible to carry out adaptive combining diversity 
without being affected by channel characteristic estimation 
error, also resulting in improved receiving performance of 
the receiver . 

Sixth Embodiment 
The diversity receiver in the fifth embodiment is 
structured so that adaptive combining diversity is carried 
out by using the power levels of the signals received 
through the antennas 11, 21 and the signal power of each 
subcarrier. The diversity receiver in the sixth embodiment 
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carries out adaptive combining diversity by adaptively 
changing the threshold value for the power ratio comparator 
responsive to the power levels of the signals received 
through the antennas 11, 21 and using the threshold value 
and the estimated power values, as described below. 

FIG. 9 is a block diagram showing the diversity 
receiver in the sixth embodiment. 

The structure of the diversity receiver in FIG. 9 is 
the same as shown in FIG. 8 in the fifth embodiment, except 
for the power ratio comparator 31e, a threshold conversion 
table unit 32 provided between the first gain detector 47 
and second gain detector 57 and the power ratio comparator 
31e, and except that the power ratio threshold value is 
output from the threshold conversion table unit 32 to the 
power ratio comparator 31e. The first OFDM demodulator 15e 
and second OFDM demodulator 2 5e in FIG. 9 have the same 
structure as the first OFDM demodulator 15c and second OFDM 
demodulator 25c in FIG. 7 in the fourth embodiment. 

Next, the operation of the diversity receiver in the 
sixth embodiment will be described. Descriptions of 
structures that are the same as in the first and fifth 
embodiments will be omitted. 

The threshold conversion table unit 32 outputs a power 
ratio threshold value that varies responsive to the first 
power control signal output from the first gain detector 47 
and the second power control signal output from the second 
gain detector 57. That is, while the power ratio threshold 
value is predetermined in the first to fifth embodiments, 
the threshold conversion table unit 32 outputs a power ratio 
threshold value varying responsive to the first power 
control signal and the second power control signal. 

The power ratio threshold value in this embodiment is 
determined from equation 6 by multiplying a predetermined 
power ratio threshold value by the ratio of the first power 
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control signal and the second power control signal. 
Accordingly, the threshold conversion table unit 32 may 
prestore the results of multiplication of the predetermined 
power ratio threshold value by the ratio of the first 
control signal and the second control signal. 

The power ratio comparator 31e receives the first 
estimated power value, the second estimated power value, and 
the predetermined power ratio threshold value, and 
determines which of the first estimated power value and the 
second estimated value is larger; then it compares the power 
ratio threshold value received from the threshold conversion 
table unit 32 with a value obtained by dividing the larger 
one of the two estimated power values by the smaller one, 
and outputs a signal varying for each subcarrier responsive 
to the comparison result to the selective/equal gain 
combining selector 33. 

Responsive to the signal received from the power ratio 
comparator 31e, the selective/equal gain combining selector 
33 selects either selection diversity, in which either the 
demodulated signal from the first OFDM demodulator 15e or 
the demodulated signal from the second OFDM demodulator 2 5e 
is selected and output, or equal gain combining diversity, 
in which a demodulated signal obtained by combining the two 
demodulated signals from the first OFDM demodulator 15e and 
second OFDM demodulator 25e with equal gain is selected and 
output . 

That is, the selective/equal gain combining selector 33 
outputs, responsive to the output from the power ratio 
comparator 31e, the first modulated signal, the second 
modulated signal, or a modulated signal obtained by 
combining the first modulated signal and the second 
modulated signal with equal gain. 

Accordingly, the output of the selective/equal gain 
combining selector 33 is a signal obtained by adaptively 
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selecting either one of a pair of demodulated signals on the 
demodulation paths A, B, which is selected responsive to the 
power ratio of the two channel characteristic estimation 
values of the two received signals for each subcarrier 
component, or a demodulated signal obtained by combining the 
demodulated signals on demodulation paths A, B; the 
diversity effect of the two demodulation paths A and B 
reduces the error rate of the modulated signal. 

As described above, the sixth embodiment provides a 
structure in which adaptive combining diversity is carried 
out by adaptively varying the power ratio threshold value 
responsive to the power levels of the signals received 
through the antennas 11, 21, and using the varying power 
ratio threshold value and power values corresponding to the 
channel characteristic estimation results ; thus it can 
eliminate the need for a multiplier for correcting the power 
values resulting from channel estimation according to the 
power control signals, with the effect that the diversity 
combining process for each subcarrier can be carried out by 
a receiver with less circuitry, without a reduction of the 
diversity effect due to a difference between the receiving 
power levels. 

Seventh Embodiment 
The diversity receiver in the sixth embodiment carries 
out adaptive combining diversity by adaptively changing the 
threshold value responsive to the power levels of the 
signals received through the antennas 11, 21 and using the 
threshold value and the estimated power values as described 
above. The diversity receiver in the seventh embodiment is 
another example of the diversity receiver in the sixth 
embodiment 

FIG. 10 is a block diagram showing the diversity 
receiver in the seventh embodiment. 

The structure of the diversity receiver in FIG. 10 is 



36 



541672WO01T 



the same as shown in FIG. 9 in the sixth embodiment, except 
for the power ratio comparator 31 f , first subcarrier power 
calculator 45, and second subcarrier power calculator 55 , 
and except that there are no connections from the first 
estimated power value calculator 44 and second estimated 
power value calculator 54 to the power ratio comparator 31f. 
The first subcarrier power calculator 45 and second 
subcarrier power calculator 55 are the same as in FIG. 5 in 
the second embodiment. The first OFDM demodulator 15f and 
second OFDM demodulator 25f in FIG. 10 have the same 
structure as the first OFDM demodulator 15d and second OFDM 
demodulator 25d in FIG. 8 in the fifth embodiment. 

Next, the operation of the diversity receiver in the 
seventh embodiment will be described. Descriptions of 
structures that are the same as in the first to sixth 
embodiments will be omitted. 

The threshold conversion table unit 32 determines a 
power ratio threshold value responsive to the first power 
control signal and the second power control signal as 
described in the sixth embodiment and outputs it to the 
power ratio comparator 3 If. 

The power ratio comparator 31f compares the first 
subcarrier power value received from the first subcarrier 
power calculator 45 with the second subcarrier power value 
received from the second subcarrier power calculator 55 and 
determines which of the two subcarrier power values is 
larger. It further compares a value obtained by dividing the 
larger one of the two subcarrier power values by the smaller 
one with the power ratio threshold value received from the 
threshold conversion table unit 32 , and outputs a signal 
varying for each subcarrier responsive to the comparison 
result to the selective/equal gain combining selector 33. 

Responsive to the signal received from the power ratio 
comparator 31f, the selective/equal gain combining selector 
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33 selects either selection diversity , in which either the 
demodulated signal from the first OFDM demodulator 15f or 
the demodulated signal from the second OFDM demodulator 25f 
is selected and output, or equal gain combining diversity, 
in which a demodulated signal obtained by combining the two 
demodulated signals from the first OFDM demodulator 15f and 
second OFDM demodulator 2 5f with equal gain is selected and 
output . 

That is, the selective/equal gain combining selector 33 
outputs, responsive to the output from the power ratio 
comparator 31f, a signal output from the first demodulator 
46 alone, a signal output from the second demodulator 56 
alone, or a signal obtained by combining the signals output 
from the first demodulator 46 and second demodulator 56 with 
equal gain. 

Accordingly, the output of the selective/equal gain 
combining selector 33 is a demodulated signal obtained by 
adaptively selecting one of the pair of demodulated signals 
on the demodulation paths A, B, responsive to the power 
ratio of the two channel characteristic estimation values of 
the two received signals for each subcarrier component, or a 
demodulated signal obtained by combining the demodulated 
signals on demodulation paths A, B ; the diversity effect of 
the two demodulation paths A and B reduces the error rate of 
the modulated signal. 

As described above, the seventh embodiment provides a 
structure in which adaptive combining diversity is carried 
out by adaptively varying the power ratio threshold value 
responsive to the power levels of signals received through 
the antennas 11, 21, and using the varying power ratio 
threshold value and power values corresponding to the 
channel characteristic estimation results; thus it can 
eliminate the need for a multiplier for correcting the power 
values resulting from the channel estimation according to 
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the power control signals, so the diversity combining 
process for each subcarrier can be carried out by a receiver 
with less circuitry, without a reduction of the diversity 
effect due to a difference between the receiving power 
levels . It is so structured that adaptive combining 
diversity is carried out using the power values of the 
subcarrier components after the Fourier transform, making it 
possible to carry out adaptive combining diversity without 
being affected by channel estimation error, resulting in 
improved receiving performance of the receiver. 

Eighth Embodiment 

The diversity receiver in the seventh embodiment 
carries out adaptive combining diversity by adaptively 
varying a threshold value in the power ratio comparator 
responsive to the power levels of the signals received 
through the antennas 11, 21 and using the threshold value 
together with the signal power values of the subcarriers. In 
the diversity receiver in the eighth embodiment, in addition 
to the power level and the estimated power value P es used in 
the sixth embodiment, an error count obtained as a result of 
the correction of errors in the demodulated signals output 
from the first demodulator 46 and second demodulator 56 is 
also taken into account to carry out adaptive combining 
diversity, as described below. 

In general, a received signal using a Reed-Solomon 
error correcting code requires a Reed-Solomon demodulator in 
the error corrector of the receiver. A Reed-Solomon 
demodulator performs error correction for the received 
signal by using parity information added to the received 
data packet to reproduce the received data. The received 
data stream is divided into blocks of a given size and 
parity information is inserted in each block, the data and 
parity information constituting a data packet with a given 
amount of data. The Reed-Solomon demodulator corrects errors 
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in each data packet independently. 

If the number of errors in a data packet exceeds the 
error correcting capability of the parity information, the 
Reed-Solomon demodulator becomes unable to perform error 
correction, but it can still count the number of data 
packets with errors that were uncorrectable. Accordingly, it 
is possible to set the Reed-Solomon demodulator to output 
demodulated signals and also to output the number of data 
packets with uncorrectable errors at regular intervals . The 
diversity receiver in this embodiment makes use of this 
count of the number of data packets with uncorrectable 
errors. In the following descriptions, the number of data 
packets with uncorrectable errors will be represented as N ep . 
It will be assumed that the number of errors is the same as 
the number of data packets with uncorrectable errors . 

FIG. 11 is a block diagram showing a diversity receiver 
in the eighth embodiment. The structure of the diversity 
receiver in FIG. 11 is the same as shown in FIG. 9 in the 
sixth embodiment, except for the power ratio comparator 31g, 
a first pre-combination error correction unit 63, and a 
second pre-combination error correction unit 64, and except 
that there is no threshold conversion table unit. The first 
pre-combination error correction unit 63 and second pre- 
combination error correction unit 64 operate following the 
first demodulator 46 and second demodulator 56 so that 
adaptive combining diversity is carried out by using the 
counts of the number of data packets with uncorrectable 
errors. FIG. 12 is a block diagram showing the structure of 
the first pre-combination error correction unit 63 and 
second pre-combination error correction unit 64 in FIG. 11; 
a counter 66 in FIG. 12 counts the number of data packets 
with uncorrectable errors output from the Reed-Solomon 
demodulator 65. 

The Reed-Solomon decoder 65 in the first pre- 
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combination error correction unit 63 corrects errors in the 
first demodulated signal output from the first demodulator 
46, and outputs a signal indicating the number of data 
packets with uncorrectable errors N ep A occurring in a 
predetermined period of time, which will be referred to as 
an uncorrectable error signal below. Responsive to the 
uncorrectable error signal, the counter 66 calculates the 
number N ep _ A of data packets with uncorrectable errors in the 
first demodulated signal and outputs a signal indicating the 
calculated result to the power ratio comparator 31g. 

Similarly , the Reed-Solomon decoder 65 in the second 
pre-combination error correction unit 64 corrects errors in 
the second demodulated signal output from the second 
demodulator 56, and outputs an uncorrectable error signal. 
Responsive to the uncorrectable error signal, the counter 66 
calculates the number N ep _ B of data packets with 
uncorrectable errors in the second demodulated signal and 
outputs a signal indicating the calculated result to the 
power ratio comparator 31g. In the following descriptions of 
the eighth embodiment, the uncorrectable error signal output 
from the first pre-combination error correction unit 63 will 
be referred to as the first uncorrectable error signal; the 
uncorrectable error signal output from the second pre- 
combination error correction unit 64 will be referred to as 
the second uncorrectable error signal. Similarly, the number 
of data packets with uncorrectable errors in the first 
demodulated signal N ep _A will be referred to as the first 
number of data packets with uncorrectable errors N ep A ; the 
number of data packets with uncorrectable errors in the 
second demodulated signal N ep B will be referred to as the 
second number of data packets with uncorrectable errors N ep B . 

The power ratio comparator 31g receives the first power 
control signal output from the first gain detector 47, the 
second power control signal output from the second gain 
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detector 57 , the first estimated power value P es _A output 
from the first estimated power value calculator 44 , the 
second estimated power value P e s_B output from the second 
estimated power value calculator 54, the first uncorrectable 
error signal , and the second uncorrectable error signal. 

A first threshold value Th 1 for the first power control 
signal and second power control signal, a second threshold 
value Th 2 for the first uncorrectable error signal and second 
uncorrectable error signal, and a third threshold value Th3 
for the first estimated power value P es a an< 3 "the second 
estimated power value P es B are input in advance to the power 
ratio comparator 31g. 

FIG. 13 is a flow diagram showing an example of the 
operation of the power ratio comparator 31g in the diversity 
receiver in FIG. 11. 

In the power ratio comparator 31g in FIG. 11, the 
average power value of the first received signals is 
calculated from the first power control signal, and the 
average power value of the second received signal is 
calculated from the second power control signal (SI) . Then 
the difference Ap between the two average power values is 
calculated (S2) , and the difference Ap is compared with the 
first threshold value Thx (S3) . 

As a result of the comparison, if the difference Ap 
between the average power values is larger than the first 
threshold value Thi (S4: Yes), the first number of data 
packets with uncorrectable errors N ep _ A , indicated by the 
first uncorrectable error signal, and the second number of 
data packet with uncorrectable errors N ep B , indicated by the 
second uncorrectable error signal, are compared with the 
second threshold value Th 2 (S5) . 

If the result of step S5, is that the first number N ep A 
is found to be smaller than the second threshold value Th 2 
(S6: Yes) , and the second number N ep B is found to be larger 
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than the second threshold value Th 2 (S7 : Yes), the power 
ratio comparator 31g outputs a signal indicating that the 
first demodulated signal should be selected by the signal 
selector 61 in the selective/equal gain combining selector 
33 (S8) . 

If the result of step S5 is that the first number N ep _ A 
is found to be larger than the second threshold value Th 2 
(S6: No and S9: Yes) , and the second number N ep B is found 
to be smaller than the second threshold value Th 2 (S10: Yes), 
the power ratio comparator 31g outputs a signal indicating 
that the second demodulated signal should be selected by the 
signal selector 61 in the selective/equal gain combining 
selector 33 (Sll) . 

In other words, in steps S5 to Sll, if it is determined 
that just one of the first number of data packets with 
uncorrectable errors, indicated by the first uncorrectable 
error signal N ep _ A , or the second number of data packets with 
uncorrectable errors, indicated by the second uncorrectable 
error signal N ep B , is larger than the second threshold value 
Th 2 , a signal is output from the power ratio comparator 31g 
to the selective/equal gain combining selector 33 indicating 
that the demodulated signal in which the number of data 
packets with uncorrectable errors is smaller than the second 
threshold value Th 2 is to be output. 

In other cases, that is, if the difference Ap between 
the average power values is smaller than the first threshold 
value Thi (S4: No), if both the first number of data packets 
with uncorrectable errors N es _ A and the second number of data 
packets with uncorrectable errors N es B are smaller than the 
second threshold value Th 2 (S7: No), or if both the first 
number of data packets with uncorrectable errors N es A and 
the second number of data packets with uncorrectable errors 
N es B are larger than the second threshold value Th 2 (S10: 
No) , the power ratio comparator 31g determines the estimated 



43 



541672WO01T 



power ratio P es _R from the first estimated power value P es A 
and the second estimated power value P es _B/ as represented by 
equation 7 below. 



max[F P H ] 



In equation 7, max [XI, X2] is a function for selecting 
and outputting the larger one of XI and X2 ; min[Xl, X2] is a 
function for selecting and outputting the smaller one of XI 
and X2 . 

In this specific case, for example, the power ratio 
comparator 31g determines which of the first estimated power 
value Pes_A ^ n( 3 the second estimated power value P es B is 
larger, and obtains the estimated power ratio P es R by 
dividing the larger one of the estimated power values by the 
smaller one. The power ratio comparator 31g further compares 
the obtained estimated power ratio P es R with the third 
threshold value Th 3 (S12) . 

If the result of the comparison in step S12 is that the 
estimated power ratio P es _R is smaller than the third 
threshold value Th 3 (S13: Yes), the power ratio comparator 
31g outputs to the selective/equal gain combining selector 
3 3 a signal indicating that the combined demodulated signal 
obtained in the equal-gain signal combiner 62 is to be 
output for each subcarrier (S14) . 

If the result of the comparison in Step 12 is that the 
estimated power ratio P es _R is larger than the third 
threshold value Th 3 (S13: No), the power ratio comparator 
31g outputs to the selective/equal gain combining selector 
33 a signal indicating that the selected demodulated signal 
obtained in the signal selector 61 is to be output for each 
subcarrier (S15) . 
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Responsive to the signal received from the power ratio 
comparator 31g, the selective/equal gain combining selector 
33 outputs the demodulated signal obtained in the signal 
selector 61 or the equal-gain signal combiner 62 to the 
error correction unit 34. 

As described above, the eighth embodiment provides a 
structure in which adaptive combining diversity is carried 
out responsive to the number of data packets with 
uncorrectable errors obtained from error correction of the 
demodulated signals output from the first demodulator 46 and 
the second demodulator 56, so the diversity combining 
process for each subcarrier can be carried out by a receiver 
with less circuitry, without a reduction of the diversity 
effect due to a difference between the received power levels. 

Ninth Embodiment 

The diversity receiver in the eighth embodiment carries 
out adaptive combining diversity by taking account of the 
number of errors found by error correction of the 
demodulated signals output from the first demodulator 46 and 
second demodulator 56, in addition to the power levels and 
estimated power values P es _Ar Pes_B- The diversity receiver in 
the ninth embodiment carries out adaptive combining 
diversity by using, in addition to the power levels and 
estimated power values P es _A/ p es_B/ the number of errors 
(number of data packets with uncorrectable errors) found by 
error correction of either the first demodulated signal 
output from the first demodulator 4 6 or the second 
demodulated signal output from the second demodulator 56, 
and the number of errors (number of data packets with 
uncorrectable errors) found by error correction of the 
signal output from the selective/equal gain combining 
selector 33, as described below. 

FIG. 14 is a block diagram showing the structure of a 
diversity receiver in the ninth embodiment. The structure of 
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the pre-combination error correction unit 67 and the error 
correction unit 34 in FIG. 14 may be the same as the 
structure of the first pre-combination error correction unit 
63 and second pre-combination error correction unit 64 in 
FIG. 12 in the eighth embodiment. In the descriptions below, 
descriptions of structures that are the same as in the first 
to eighth embodiments will be omitted. 

The pre-combination error correction unit 67 performs 
error correction of the first demodulated signal output from 
the first demodulator 46 , and outputs to the power ratio 
comparator 31h a third uncorrectable error signal indicating 
a third number of data packets with uncorrectable errors 
N ep_pre obtained in a predetermined period of time. The error 
correction unit 34 performs error correction of the 
selectively combined or equal gain combined signal, and 
outputs to the power ratio comparator 31h a fourth 
uncorrectable error signal indicating a fourth number of 
data packets with uncorrectable errors N ep f . 

The power ratio comparator 31h receives the first power 
control signal output from the first gain detector 47, the 
second power control signal output from the second gain 
detector 57, the first estimated power value output from the 
first estimated power value calculator 44, the second 
estimated power value output from the second estimated power 
value calculator 54, the third uncorrectable error signal 
output from the pre-combination error correction unit 67, 
and the fourth uncorrectable error signal output from the 
error correction unit 34 . 

A first threshold value Th 1 for the first power control 
signal and the second power control signal, a fourth 
threshold value Th 4 for the third uncorrectable error signal, 
a fifth threshold value Th 5 for the fourth uncorrectable 
error signal, and a sixth threshold value Th 6 for the first 
estimated power value and the second estimated power value 
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are input in advance to the power ratio comparator 31h. 

FIG. 15 is a flow diagram showing an example of the 
operation of the power ratio comparator 31h of the diversity 
receiver in FIG. 14. 

The power ratio comparator 31h in FIG. 14 calculates 
the average power value of the first received signal from 
the input first power control signal and the average power 
value of the second received signal from the second power 
control signal (S21) , calculates the difference Ap between 
the two average power values (S22) , and compares the 
difference Ap with the first threshold value Th x (S23) . 

As a result of the comparison, if the difference Ap 
between the average power values is larger than the first 
threshold value Th x (S24: Yes), the power ratio comparator 
31h compares the third number of data packets having 
uncorrectable errors N ep _p re indicated by the third 
uncorrectable error signal with the fourth threshold value 
Th 4 , and compares the fourth number of data packets having 
uncorrectable errors N ep _ B indicated by the fourth 
uncorrectable error signal with the fifth threshold value Th 5 
(S25) . 

If the result of step S25 is that the third number of 
data packets having uncorrectable errors N ep _p re indicated by 
the third uncorrectable error signal is found to be smaller 
than the fourth threshold value Th 4 (S26: Yes), and the 
number of data packets having uncorrectable errors N ep f 
indicated by the fifth uncorrectable error signal is found 
to be larger than the fifth threshold value Th 5 (S27: Yes), 
the power ratio comparator 31h compares the average power 
values of the first and second received signals obtained in 
step S21 and determines which average power value is the 
larger (S28) . 

If the result of step S28 is that the first average 
power is larger than the second average power (S28: Yes), 
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the power ratio comparator 31h outputs a signal indicating 
that the first demodulated signal should be selected by the 
signal selector 61 in the selective/equal gain combining 
selector 33 and the first demodulated signal should be 
output from the selective/equal gain combining selector 33 
(S29) . If the result of step S28 is that the first average 
power value is smaller than the second average power value 
(S28: No), the power ratio comparator 31h outputs a signal 
indicating that the second demodulated signal should be 
selected by the signal selector 61 in the selective/equal 
gain combining selector 33 and should be output from the 
selective/equal gain combining selector 33 (S30) . 

In other words , in steps S25 to S30, if it is 
determined that the third number of data packets with 
uncorrectable errors indicated by the third uncorrectable 
error signal is smaller than the fourth threshold value Th 4 
and the fourth number of data packets with uncorrectable 
errors indicated by the fourth uncorrectable error signal is 
larger than the fifth threshold value Th 5 , the power ratio 
comparator 31h selects the larger of the average power 
values, and a signal is output from the power ratio 
comparator 31h to the selective/equal gain combining 
selector 33, indicating that the demodulated signal, on 
either demodulation path A or B, with the selected average 
power value is to be selected and output. 

In other cases, that is, if the difference Ap between 
the average power values is smaller than the first threshold 
value Th x (S24: No), if the third number of data packets 
with uncorrectable errors N ep _p re is equal to or larger than 
the fourth threshold value Th 4 (S26: No), or if the fourth 
number of data packets with uncorrectable errors N ep _ f is 
equal to or less than the fifth threshold value Th 5 (S27: 
No) , the power ratio comparator 31h determines the estimated 
power ratio P es R from the first estimated power value P es A 
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and the second estimated power value P es _B as in equation 7 
in the eighth embodiment, and compares the estimated power 
ratio P es _R with the sixth threshold value Th 6 (S32) . 

If the result of the comparison in step S32 is that the 
estimated power ratio P es r is found to be smaller than the 
sixth threshold value Th 6 (S33: Yes), a signal is output 
from the power ratio comparator 31h to the selective/equal 
gain combining selector 33, indicating that the demodulated 
signal obtained in the equal-gain signal combiner 62 should 
be output (S34) . 

For each subcarrier, if the result of the comparison in 
step S32 is that the estimated power ratio P es R is larger 
than the sixth threshold value The (S33: No) , the power 
ratio comparator 31h outputs to the selective/equal gain 
combining selector 33 a signal indicating that the 
demodulated signal obtained in the signal selector 61 is to 
be output (S35) . Responsive to the signal received from the 
power ratio comparator 31h, the selective/equal gain 
combining selector 33 outputs the demodulated signal 
obtained in the signal selector 61 or the equal-gain signal 
combiner 62 to the error correction unit 34. 

As described above, the ninth embodiment provides a 
structure in which adaptive combining diversity is carried 
out by using a third number of data packets with 
uncorrectable errors obtained from the result of error 
correction in either the first demodulated signal or the 
second demodulated signal and a fourth number of data 
packets with uncorrectable errors obtained from the result 
of error correction of the signal output from the 
selective/equal gain combining selector 33, in addition to 
the power levels and the estimated power ratio P es t so a 
diversity combining process responsive to the number of 
errors on the demodulation paths A and B for each subcarrier 
can be carried out by a receiver with less circuitry, 
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without a reduction of the diversity effect due to a 
difference between the received power levels. 

In the eighth and ninth embodiments, the diversity 
process utilizes the number of data packets with 
uncorrectable errors, but it is also possible to use, 
together with the number of data packets with uncorrectable 
errors, an uncorrectable error packet ratio (also referred 
to as an error rate) obtained by dividing the number of data 
packets with uncorrectable errors by the number of data 
packets received in the predetermined period of time. 

The first to ninth embodiments have a structure with 
two demodulation paths, but the invention is not limited to 
two demodulation paths: the structure can be easily adapted 
to the case in which switching between selection diversity 
and equal gain combining diversity is carried out in a 
diversity receiver with three or more demodulation paths. 

In the third to ninth embodiments, the first gain 
detector 47 and the second gain detector 57 are disposed in 
the first OFDM demodulator and the second OFDM demodulator, 
respectively, but they may be disposed outside the two OFDM 
demodulators . 

Industrial Applicability 
As described above, the diversity receiving method of 
the present invention is adapted to switch adaptively 
between selection diversity and equal gain combining 
diversity for each subcarrier responsive to the power of the 
received signals on each of the demodulation paths, so in 
comparison with conventional diversity receiving methods 
that perform only selection or only equal gain combining, 
the diversity effect can be increased and receiving 
performance can be improved, while in comparison with the 
practice of maximal ratio combining diversity, a diversity 
receiver with a large diversity effect can be implemented in 
less circuitry. 
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